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Mean centeringAbstract Four simple, accurate, reproducible and non-sophisticated spectrophotometric methods
manipulating ratio spectra were developed and validated for the simultaneous determination of
diﬂucortolone valerate (DIF) and isoconazole nitrate (ISO) without preliminary separation in pure
powder form and in their cream formulation. Method A, is constant center spectrophotometric
method (CC), method B is a ratio difference spectrophotometric one (RD), method C is the ﬁrst
derivative of the ratio spectra (1DD), while method D is the mean centering of ratio spectra
(MC). Linearity correlations ranges were 5–60 lg mL1 for DIF and 65–850 lg mL1 for ISO.
The mean percentage recoveries of DIF were 101.60 ± 1.056 for method A, 101.33 ± 0.702 for
method B, 101.31 ± 1.476 for method C and 102.69 ± 1.009 for method D, respectively. For
ISO were 100.59 ± 0.525 for method A, 99.68 ± 0.721 for method B, 99.67 ± 0.742 for method
C and 101.37 ± 0.958 for method D, respectively. Assessment of the speciﬁcity was achieved by
analyzing synthetic mixtures containing the cited drugs. The four methods were applied for the
determination of the cited drugs in cream formulation and the statistical comparison of the
obtained results was made with each other and with those of ofﬁcial methods. The comparison
in pure powder form showed that there is no signiﬁcant difference between the proposed methods
and the ofﬁcial methods regarding both accuracy and precision.
 2016 Publishing services provided by Elsevier B.V. on behalf of Faculty of Pharmacy, Cairo University.1. Introduction
The spectrophotometric determination of two or more com-
pounds in the same sample without prior separation is one
of the main challenges facing analytical chemists. The aim of
this work is to conduct a comparative study on four recently
Figure 1 Structures of diﬂucortolone valerate (a) and isocona-
zole nitrate (b).
Figure 2 Absorption spectra of 10 lg/mL diﬂucortolone (. . .)
and 100 lg/mL isoconazole (–) in methanol.
40developed methods (CC, RD, 1DD and the mean centering)
for the analysis of the binary mixture of diﬂucortolone valerate
and isoconazole nitrate in pure powder form and in their phar-
maceutical preparation.
Diﬂucortolone valerate (DIF) (Fig. 1a), 6a,9a-diﬂuoro-3,2
0-dioxo-11b-hydroxy-16a-methylpregna-1,4-dien-21-yl valer-
ate is an anti-inﬂammatory corticosteroid.1 A HPLC method
for the determination of diﬂucortolone valerate is reported in
literature.2 Isoconazole nitrate (ISO) (Fig. 1b), is a broad-
spectrum imidazole derivative topical antifungal drug. It is
chemically designated as 1-[(2RS)-2-[(2,6-Dichlorobenzyl)ox
y]-2-(2,4-dichlorophenyl)ethyl]-1H-imidazole. It is used for
the treatment of Candida species and dermatophytes.1 Differ-
ent analytical methods have been reported for the determina-
tion of isoconazole including HPLC.3–5 The combination of
the two drugs is considered as an effective treatment of
mycoses accompanied with eczema, inﬂammatory lesions and
pruritus.6 However, for the simultaneous determination of
these components in their pharmaceutical formulations there
are two reported methods using HPLC, UPLC and spec-
trophotometry which deal with the ﬁrst derivative of the drug
spectra and PCR chemometric method.7,8
In this work, the four developed methods were based on
utilizing the constants of the ratio spectra which eliminate
the spectral overlapping without prior separation and there
is no need for searching for zero-crossing points. The new
spectrophotometric methods are very simple, accurate, and
precise and can be considered as a cheap alternative for the
costly HPLC technique. On the other hand, complicated pro-
cedures such as careful preparation of several calibrations set
and complicated mathematical or chemometric treatment of
data are not required.
2. Experimental
2.1. Chemicals and reagents
– Pure samples were kindly provided by Misr Company for
pharmaceutical industries, the percentage purity was found
to be 99.96 ± 0.767 and 99.56 ± 0.649% for DIF and ISO,
respectively according to the ofﬁcial method.1
– The pharmaceutical preparation assayed in the study is
travodermal cream (0.1% DIF and 1% ISO), Batch No.
906023, manufactured by Misr Company for pharmaceuti-
cal industries were purchased from local market.
– Methanol (E. Merck, Darmstadt, FRG), anhydrous acetic
acid (El Nasr, Egypt), methyl ethyl ketone (El Nasr, Egypt),
perchloric acid(Merck, Darmstadt, FRG) and acetonitrile
(Sigma Aldrich, Germany).2.2. ApparatusSpectrophotometric measurements were carried out on Shi-
madzu 1650 UVPC spectrophotometer, using 1.00 cm quartz
cells. Scans were carried out in the range from 200 to
400 nm at 0.1 nm intervals.
2.3. Software
The bundle software, UVProbe version 2.21 (SHIMADZU)
was used to process absorption and ratio spectra. Matlab
version 7, release 14 was used for mean centering method.
2.4. Experimental
2.4.1. Standard stock and working solutions
A stock standard solution of DIF (1 mg/mL) was prepared by
dissolving the 100 mg of DIF in methanol then completing to
100 mL measuring ﬂask with the same solvent. A working
solution with ﬁnal concentration (100 lg/mL) was prepared
by further dilution of an aliquot of the prepared stock solu-
tion. The stock solution of ISO (1 mg/mL) was prepared by
dissolving 100 mg of the compound in methanol then complet-
ing in a 100 mL measuring ﬂask.
2.5. Procedures
2.5.1. Spectral characteristics
The absorption spectra of the two compounds were recorded
over the range 200–300 nm, as shown in Fig. 2.
2.5.2. Constant center method (CC)
Solutions containing 5–60 lg/mL DIF and 65–850 lg/mL ISO
were prepared separately in methanol from their working solu-
tion (100 mg/mL). The absorption spectra of the resulting
solutions were measured and stored in the computer. Con-
struct two calibration curves relating the absorbance of the
zero order spectra of DIF at 238 nm versus the corresponding
concentrations of DIF and ISO at 272.2 nm versus the corre-
sponding concentrations of ISO, and then the regression equa-
tions were computed.
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Figure 3 Ratio spectra of diﬂucortolone (DIF) (5–60 lg/mL) (_) and isoconazole (ISO) (850 lg/mL) (. . .) using 850 lg/mL of ISO as a
divisor.
Figure 4 Ratio spectra of isoconazole (ISO) (65–850 lg/mL) (_)
and diﬂucortolone (DIF) (60 lg/mL) (. . .) using 60 lg/mL of DIF
as a divisor.
Comparative study on four spectrophotometric methods 412.5.3. Ratio difference method (RD)
Aliquots equivalent to 50–600 lg DIF and 650–8500 lg ISO,
were added separately into a series of 10 mL volumetric ﬂasks
and the volume was then completed using methanol. The
absorption spectra of the prepared solutions were scanned
(200–400 nm) and stored in the computer. The stored spectra
were divided by the absorption spectra of 60 lg/mL DIF and
850 lg/mL ISO, respectively, where the obtained ratio spectra
were recorded. Construct calibration curves for DIF by plot-
ting the difference between the amplitudes of obtained ratio
spectra at 245.5 nm and 255 nm and for ISO by plotting the
difference between the amplitudes of obtained ratio spectra
at 260 nm and 270 nm against the corresponding concentra-
tions and the regression equations were computed.
2.5.4. Derivative ratio method (1DD)
For the determination of DIF in the presence of ISO, the
stored spectra of DIF are divided by the spectrum of 850 lg/
mL ISO, then the ﬁrst derivative of the ratio spectra (1DD)
at Dk= 4 nm and scaling factor = 10 are obtained. The
amplitude of the ﬁrst derivative peak of (DIF/ISO) ismeasured at 241.1 nm. A calibration graph relating the peak
amplitude at 241.1 nm to the corresponding concentrations
5–60 lg/mL of DIF is constructed.
For the determination of ISO in the presence of DIF, the
stored spectra of ISO are divided by the spectrum of 60 lg/
mL DIF, then the ﬁrst derivative of the ratio spectra (1DD)
with Dk= 4 nm and scaling factor = 10 are obtained. The
amplitude of the ﬁrst derivative peak of (ISO/DIF) is mea-
sured at 279.8 nm. A calibration graph relating the peak
amplitude at 279.8 nm to the corresponding concentrations
65–850 lg/mL of ISO is constructed.
2.5.5. Mean centering
The stored spectra of DIF are divided by the spectrum of
850 lg/mL ISO and the obtained ratio spectra are smoothed
with Dk= 16 nm and then mean centered. The same is applied
to ISO spectra as they are divided by the spectrum of 60 lg/mL
DIF and are then mean centered. The calibration curves for
both DIF and ISO are constructed by plotting the mean cen-
tered values at 245.6 nm and 282 nm for DIF and ISO, respec-
tively, versus the corresponding concentration.
2.6. Assay of laboratory prepared mixtures
2.6.1. Constant center method (CC)
The absorption spectra of different laboratory prepared mix-
tures were divided by the absorption spectrum of 60 lg/mL
of standard DIF and 850 lg/mL of standard ISO. The ratio
spectra of DIF and ISO were recorded at (260 nm and
270 nm) and (245.5 nm and 250 nm), respectively. The postu-
lated amplitudes at 260 nm and 270 nm for DIF and at
245.5 nm and 250 nm for ISO were calculated using the corre-
sponding regression equations and the constant values were
obtained after subtracting the recorded amplitudes of the mix-
tures and its postulated amplitudes at the speciﬁed wavelength.
Multiply the obtained constant values of DIF and ISO for
each mixture by the spectra of 60 lg/mL of standard DIF
and 850 lg/mL of standard ISO, so the original spectra of
DIF and ISO are obtained. The concentrations of the drugs













































































































































































































































































































































































































































































































































































































































































































































































































































42 Y.M. Fayez et al.representing the absorbance of DIF and ISO at 238 nm and
272.2 nm versus their concentrations, respectively.
2.6.2. Ratio difference method (RD)
The absorption spectra of different laboratory prepared mix-
tures were divided by the absorption spectra of 60 lg/mL stan-
dard DIF and 850 lg/mL ISO standard. The ratio spectra were
recorded at 245.5 nm and 255 nm as shown in Fig. 3, 260 nm
and 270 nm as shown in Fig. 4 for DIF and ISO respectively.
The concentrations of the drugs were calculated from the com-
puted regression equations.
2.6.3. Derivative ratio method (1DD)
The absorption spectra of different laboratory prepared mix-
tures were divided by the absorption spectra of 850 lg/mL
standard ISO and 60 lg/mL DIF standard. The ratio spectra
were recorded at 241.1 nm Fig. 5 and 279.8 nm Fig. 6 for
DIF and ISO, respectively. The concentrations of the drugs
were calculated from the computed regression equations.
2.6.4. Mean centering
The absorption spectra of different laboratory prepared mix-
tures were divided by the absorption spectra of 60 lg/mL stan-
dard DIF and 850 lg/mL ISO standard and then mean
centered. The calibration curves for both DIF and ISO are
constructed by plotting the mean centered values at 245.6 nm
and 282 nm for DIF and ISO, respectively, versus the corre-
sponding concentration. The concentrations of the drugs were
calculated from the computed regression equations.
2.7. Application to pharmaceutical preparations
One gram of cream was extracted by 35 mL methanol, heated
to 50 C till it melted and sonicated for ten minutes. The
extracted sample was cooled in the refrigerator for 2 h till base
coalescence. The extract was ﬁltered into 50 mL volumetric
ﬂask and the residual mass was re-extracted by 10 mL metha-
nol, cooled and ﬁltered then the volume was completed with
methanol.
The proposed methods were applied for the analysis of
the pharmaceutical preparations solutions using the proce-
dures mentioned under the analysis of laboratory prepared
mixtures for each method and the concentrations of the cited
drugs were calculated from the corresponding regression
equations.3. Results and discussion
The main aim of this work was to establish simple, sensitive
and accurate analytical methods for routine analysis of the
binary mixture DIF and ISO in their bulk powders and phar-
maceutical dosage form with satisfactory precision for good
analytical practice (GAP). These methods showing advantages
over the reported derivative method in sensitivity and regres-
sion equation showing marked decrease in intercept. As well,
to assess the ability of the proposed methods in determining
the two drugs by constructing a statistical comparison between
them.
Figure 5 First derivative of smoothed ratio spectra of DIF
(5–60 lg/mL) using 850 lg/mL of ISO as a divisor and methanol
as blank.
Figure 6 First derivative of smoothed ratio spectra of ISO
(65–850 lg/mL) using 60 lg/mL of DIF as a divisor and methanol
as blank.
Figure 7 Mean centered ratio spectra of DIF (5–60 lg/mL)
using 850 lg/mL of ISO as a divisor and methanol as blank.
Figure 8 Mean centered ratio spectra of ISO (65–850 lg/mL)
using 60 lg/mL of DIF as a divisor and methanol as blank.
Comparative study on four spectrophotometric methods 433.1. Constant center method (CC)
By applying the theory of constant center method8 the original
spectra of DIF(X) and ISO(Y) will be obtained. In constant
center method, the absorption spectrum of the mixture (DIF
+ ISO) is scanned and divided by the absorption spectrum
of a known concentration of one of the components as a divi-sor, respectively, and the ratio spectrum obtained represents
(ISO/DIF) + constant or DIF/ISO + constant.
The selected divisors should compromise between minimal
noise and maximum sensitivity. The divisor concentration
60 lg/mL DIF and 850 lg/mL ISO gave the best results
regarding average recovery percent when used for the analysis
of DIF and ISO concentrations in mixtures, respectively.
Ratio difference at two selected wavelengths was applied to
the ratio spectra of the cited drug. (ISO/DIF)1–(ISO/DIF)2 or
(DIF/ISO)1–(DIF/ISO)2 where the interfering substance was
canceled and subsequently show no interference. The only
requirement for the selection of these two wavelengths is the
contribution of the two components at these two selected
wavelengths k1 and k2 where the ratio spectrum of the interfer-
ing component shows the same value (constant) whereas the
component of interest shows a signiﬁcant difference in these
two ratio values at these two selected wavelengths with concen-
trations. The two selected wavelengths are (245.5 nm and
255 nm) for DIF and (260 nm and 270 nm) for ISO as shown
in Figs. 3 and 4.
For the determination of DIF in the binary mixture, the
zero order spectrum of the mixture was scanned and the ratio
spectrum of the mixture was obtained using standard DIF0
60 lg/mL as a divisor where practical amplitude at 270 nm
were recorded (ISO/DIF0 +DIF/DIF0) for each laboratory
prepared mixture, while the postulated amplitude value of
(ISO/DIF0) can be calculated using the equation representing
the linear relationship between the ratio difference of ratio
spectra at 270 nm and 260 nm (interfering component was can-
celed) versus the corresponding ratio amplitudes at 270 nm to
calculate the constant value of DIF via amplitude difference
step using regression equation (1)
P1  P2 ¼ 0:8117P1 þ 0:0004; ðr ¼ 1Þ ð1Þ
where; P1, P2 are the ratio amplitudes at 270 nm and 260 nm
using standard DIF0 60 lg/mL as a divisor and ISO/DIF0 is
the corresponding ratio amplitudes of the ratio spectra at
270 nm. The constant value was calculated by monitoring
the effect on the amplitude of the ratio spectrum of DIF at
270 nm (DP recorded-postulated), so the constant value was
calculated by measuring the difference between the recorded
amplitude and postulated amplitude at this wavelength.
C:V ¼ ðP recordedÞ  ðP postulatedÞ
44 Y.M. Fayez et al.P ðDIF=DIF0Þ ¼ P ðISO=DIF0 þDIF=DIF0Þ
 P ðISO=DIF0Þ
where; C.V is the constant value, Precorded is the recorded
amplitude of the ratio spectrum of the laboratory prepared
mixture using standard DIF0 60 lg/mL as a divisor at
270 nm and Ppostulated is the calculated amplitude using the
speciﬁed regression equation (1).
Multiplying the obtained constant value representing DIF/
DIF0 by the absorption spectrum of standard DIF0 as a divi-
sor. The obtained zero order absorption spectrum of DIF
could be used for the determination of its concentration in
the mixture by using the corresponding regression equation
obtained by plotting the absorbance at its kmax 238 nm and
its corresponding concentration as in Table 1.
Similarly ISO(Y) can be determined using standard ISO0
850 lg/mL as a divisor at (245.5 nm and 255 nm) versus
245.5 nm to calculate the constant value of ISO via the ampli-
tude difference step using regression equation (2)
P1  P2 ¼ 0:6487P1 þ 0:0025; ðr ¼ 1Þ ð2Þ
where P1, P2 are the ratio amplitudes at 245.5 nm and 255 nm
respectively of the ratio spectra of different concentration of
DIF (5–60 lg/mL) using 850 lg/mL ISO0 as a divisor.
CC method showed advantage over reported second deriva-
tive method in measuring the drug in zero order which is more
accurate.
3.2. Ratio difference spectrophotometric method (RD)
The overlapped spectra of the two drugs suggested that a ratio
difference spectrophotometric method was a suitable method
for simultaneous determination of DIF and ISO respectively.
The theory of ratio difference9–12 stated that two requirements
should be fulﬁlled for the application of RD; ﬁrst is that each
of the selected wavelengths has a contribution of the interfer-
ing substance and the second is the ratio value at the selected
wavelengths should be unequal. In ratio difference method, the
amplitudes at 245.5 and 255 nm were selected for the determi-
nation of DIF(X) using ISO (850 lg/mL) as a divisor, Fig. 3.
Similarly, the two selected wavelengths for the estimation ofTable 2 Determination of studied drugs in the laboratory prepared
Concentration, lg/mL DIF
Recovery, %a
DIF ISO CC RD 1DD
5 100 101.06 102.58 101.56
10 100 99.80 98.05 99.97
20 100 101.07 99.03 101.08
50 100 101.43 102.22 101.49
10 200 99.80 101.34 98.29
10 300 100.97 100.68 98.78
10 400 102.73 98.05 99.03
Mean 101.07 100.28 100.03
S.D 1.006 1.907 1.36
RSD% 0.995 1.901 1.36
a Average of three determinations.ISO(Y) using standard DIF (60 lg/mL) as a divisor were 260
and 270 nm, Fig. 4.
3.3. Derivative ratio spectrophotometric method (1DD)
By applying the theory of derivative ratio method13–15 the
absorption spectrum of the mixture (absorbance at each wave-
length) is divided by the absorption spectrum of a standard
solution of one of the components, and the ﬁrst derivative of
the ratio spectrum is obtained.
Different concentrations of divisor are used (10,35,60) lg/
mL and normalized spectrum) of DIF and (150,450,850) lg/
mL and normalized spectrum) of ISO and the divisor concen-
trations 60 and 850 lg/mL of DIF and ISO, respectively, are
found to be the best regarding average recovery percent when
they are used for the prediction of ISO and DIF concentra-
tions, respectively, in bulk powder as well as in laboratory pre-
pared mixtures.
The absorption spectra of DIF are divided by the absorp-
tion spectrum of 850 lg/mL ISO and smoothed (Fig. 3), and
the absorption spectra of ISO are divided by the absorption
spectrum of 60 lg/mL DIF (Fig. 4), for the determination of
DIF and ISO, respectively.
DIF can be determined by measuring at either 241.1 or
248.9 nm, good linearity was observed for the two wavelengths
but the recovery percent at 241.1 nm was better, which may be
attributed to its higher signal to noise ratio. ISO is determined
by measuring at 279.8 nm.
The peak amplitudes of the ﬁrst derivative of ratio spectra
are recorded at 241.1 nm for DIF and at 279.8 nm for ISO.
Good linearity is obtained in the concentration range of 5.0–
60.0 lg/mL and 65.0–850.0 lg/mL for both DIF and ISO,
respectively, Figs. 5 and 6.
3.4. Mean centering
According to the theory of mean centering,16–18 mean center-
ing method is applied to quantitatively determine both DIF
and ISO in their laboratory prepared mixtures and in their
pharmaceutical preparations. The absorption spectra of
DIF are divided by the absorption spectrum of 850 lg/mL
ISO and the absorption spectra of ISO are divided by themixtures (L.P.) by the proposed spectrophotometric methods.
ISO
Recovery, %a
MC CC RD 1DD MC
97.79 102.00 98.81 100.63 98.70
98.44 100.67 101.60 98.28 97.98
100.15 97.33 99.98 101.84 100.06
101.22 100.00 98.35 101.96 103.10
96.08 101.33 99.52 102.72 100.29
97.20 102.89 100.46 102.29 100.94
98.08 100.33 100.23 102.25 99.40
98.42 100.65 99.85 101.43 100.07
3 1.746 1.771 1.083 1.534 1.667
3 1.774 1.760 1.085 1.512 1.666
Table 3 Determination of studied drugs in pharmaceutical by the proposed spectrophotometric methods.
Methods DIF
CC RD 1DD MC




























Standard addition 10 5 5.064 101.27 5.066 101.32 5.012 100.25 5.013 100.25
10 10.059 100.59 10.289 102.90 10.187 101.87 10.237 102.37
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Standard addition 100 65 64.867 99.80 66.512 102.33 66.572 102.42 63.566 97.79
100 102.000 102.00 102.093 102.09 99.798 99.80 100.753 100.75











a Recovery ± RSD%.
































Table 4 Statistical analysis of the proposed methods and the ofﬁcial methods of diﬂucortolone (DIF) and isoconazole (ISO) in their
pure powdered form.
Parameter DIF ISO
CC RD 1DD MC Oﬃcial
methoda
CC RD 1DD MC Oﬃcial
methodb
Mean 100.05 100.01 100.00 100.05 99.96 100.14 100.12 100.07 100.01 99.56
SD 0.801 0.479 0.521 0.802 0.767 0.402 0.493 0.583 0.849 0.649
n 12 12 12 12 9 9 9 9 9 6



































The ﬁgures in parenthesis are the corresponding theoretical values at P= 0.05.
a HPLC using C18 column and mobile phase of 25:75 water:acetonitrile at 238 nm.
b Non aqueous titration, end point was determined potentiometrically.
Table 5 One way ANOVA testing for the different proposed methods and the ofﬁcial methods used for the determination of
diﬂucortolone (DIF) and isoconazole (ISO).
Source DF Sum of squares Mean square F value
DIF Between exp. 4 0.054 0.013 0.029 (2.550)
Within exp. 52 24.339 0.468
ISO Between exp. 4 1.905 0.476 1.803 (2.626)
Within exp. 37 9.772 0.264
46 Y.M. Fayez et al.absorption spectrum of 60 lg/mL DIF for the determination
of DIF and ISO, respectively (Figs. 4 and 5). The obtained
ratio spectra are mean centered using matlab and the concen-
trations of DIF and ISO are determined by measuring the
amplitude at 245.6 and 282 nm, respectively (Figs. 7 and 8).
The linear regression equations are found to be:
MCNDIF ¼ 0:0832Cþ 0:0042; r ¼ 0:9999
MCNISO ¼ 0:038C 0:5904; r ¼ 0:9999
The statistical parameters of the regression equations are
shown in Table 1. The percentage recoveries suggested good
accuracy of the proposed methods.
The proposed methods were successfully applied for the
analysis of DIF and ISO in their laboratory prepared mixtures
and in pharmaceutical dosage form, Tables 2 and 3.
Statistical comparison between the results obtained by the
proposed methods and those obtained by the ofﬁcial methods1
showed no signiﬁcant differences as given in Table 4. In order
to compare the ability of the proposed methods for the deter-
mination of DIF and ISO, the results obtained by applying the
proposed methods were subjected to statistical analysis using
the one way ANOVA test, there was no signiﬁcant difference
between all of the proposed methods, Table 5.
4. Conclusion
In this work smart and simple recently developed spectropho-
tometric methods were applied for the simultaneous analysis of
binary mixture of DIF and ISO. The proposed methods were
simple, sensitive, precise, do not need a special program and
could be easily applied in QC laboratories as they are havingequal accuracy and precision compared to the ofﬁcial methods,
in contrast they are of lower cost. They are also suitable and
valid for application in laboratories lacking liquid chromato-
graphic instruments.Conflict of interest
There is no conﬂict of interest.
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